We consider the Higgs and Yukawa parts of the Non-Commutative Standard Model (NCSM). We explore the NC-action to give all Feynman rules for couplings of the Higgs boson to electro-weak gauge fields and fermions.
Introduction
After discovery of the Higgs particle on 4 July 2012 at LHC [1] , it is tentatively confirmed to have zero spin and positive parity [2] . Nonetheless, it is yet to be determined if the particle discovered is the prediction of the Standard Model, or whether, as predicted by the other theories beyond the SM. However, the observed properties of the Higgs boson, such as its mass, couplings and decay rates, can constrain models beyond SM. In string theory, which is a candidate for explaining gravity, the endpoints of an open string on D-branes in a constant B-field background, live on a noncommutative space [3, 4] . Therefore, noncommutative field theory (NCFT) appears as a low-energy limit of open string theory with constant antisymmetric background field. The NC field theories and their phenomenological aspects have been explored for many years [5] . There are two approaches to constructing the gauge theories in NC-space. In the first one, the gauge group is restricted to U(n) and the symmetry groups such as a SU(n) can be achieved by an appropriate symmetry breaking [6] . In the second one, one can construct directly a gauge theory based on a SU(n) gauge group-and consequently, the standard model-in noncommutative space [7] . After introducing the Feynman rules for the noncommutative standard model (NCSM) in [8] the phenomenological aspects of NCSM have been considered by many authors [9] . Here we would like to complete the Feynman rules for the the Higgs and Yukawa sectors of the NCSM. In fact, in the both sectors there are many new couplings for the Higgs boson with the other particles of the SM. These new interactions lead to many new interesting decay and production modes for the Higgs particle. Therefore, examining this part of NCSM can provide new bounds on the noncommutative space-time.
In section 2 we give a brief review on the NCSM. In section 3 and 4, Feynman rule for the Higgs and Yukawa part is derived, respectively. In Section 5, we summarize our results and give concluding remarks.
NCSM
In noncommutative space-time coordinates are operators which in the canonical version satisfy the following commutation relation
where C µν is a real antisymmetric tensor and Λ N C is noncommutative scale. According to the Weyl-Moyal correspondence, in a noncommutative field theory the ordinary product between the fields should be replaced by the star product which can be defined as [10] (f ⋆ g)(
Using this correspondence, however, there are some problems to construct non-Abelian gauge theories on noncommutative space. In noncommutative QFT the field strength tensor is defined as follows
where the last term doesn't vanish even in the Abelian U(1) gauge group. In this framework the allowed particles have {0, ±1} charges and quarks with the fractional charges can not be accommodated in the model [11] .
The second problem appears in the commutator of two infinitesimal gauge transformations, Λ = Λ a T a and Λ
where [12, 13] [Λ,
Non-vanishing anticommutator in the last term reproduce all the higher powers of the generators in a non-Abelian gauge group such as a SU(N). It seems an enveloping algebra, consisting of all ordered tensor powers of the generators, can be a proper choice to solve this problem. Meanwhile, the infinite number of degrees of freedom of the NC-gauge parameters and fields can be restricted demanding that they depend on the algebra-valued quantities and their space-time derivatives only. This requirement, based on the equivalence between ordinary and noncommutative gauge fields to any finite order in θ µν and the existence of the Seiberg-Witten map to all orders, leads to expansions for matter fieldψ, gauge parametersΛ, gauge fieldsÂ µ and scalar field φ as follows [4, 13] Meanwhile, the Higgs field in the unitary gauge is φ(
where v = −µ 2 /λ is the Higgs vacuum expectation value and h(x) is the physical Higgs field. Now the Higgs action (7), by using (8) to (11), can be rewritten in terms of the physical fields to obtain all Lagrangian densities containing the Higgs interactions with the gauge fields as follows
• -one Higgs 2 neutral gauge bosons, hZZ:
-2 Higgs's 2 neutral gauge bosons, hhZZ:
-2 Higgs's a neutral gauge boson, hhZ:
-3 Higgs's a neutral gauge boson, hhhZ:
-4 Higgs's a neutral gauge boson, hhhhZ:
-one Higgs 2 charged gauge bosons, hW + W − :
-2 Higgs's 2 charged gauge bosons, hhW + W − :
-3 Higgs's 2 charged gauge bosons, hhhW + W − :
-4 Higgs's 2 charged gauge bosons, hhhhW + W − :
-one Higgs 2 charged gauge bosons one photon, hW + W − γ:
-2 Higgs's 2 charged gauge bosons one photon, hhW + W − γ:
-one Higgs 3 neutral gauge bosons, hZZZ:
-2 Higgs's 3 neutral gauge bosons, hhZZZ:
-one Higgs 2 charged gauge bosons one neutral gauge boson, hW + W − Z:
-2 Higgs's 2 charged gauge bosons one neutral gauge boson, hhW + W − Z:
-one Higgs 2 charged gauge bosons one neutral gauge boson one photon, hW + W − Zγ:
-2 Higgs's 2 charged gauge bosons one neutral gauge boson one photon, hhW + W − Zγ:
-one Higgs 2 charged gauge bosons 2 neutral gauge bosons, hW + W − ZZ:
-2 Higgs's 2 charged gauge bosons 2 neutral gauge bosons, hhW + W − ZZ:
-one Higgs 4 charged gauge bosons, hW
-2 Higgs's 4 charged gauge bosons, hhW
Gauge Terms
In this subsection, we list Feynman rules for the NCSM Higgs-gauge couplings up to the first order of θ. To derive the rules, it is assumed that all particles momenta are incoming into the vertices.
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4 Yukawa part of the NCSM Action
In this section, we explore the Yukawa part of the NCSM-action up to the first order of θ to derive all corresponding Feynman rules. The Yukawa part of the action in terms of the physical fields is [8] :
The neutral currents are:
where
and
The charged currents are given by
while
denotes the partial derivative which acts only on the fermion fields on its right (left) side:
Now, the Yukawa-action (52) can be simplified to find all lagrangian densities containing the Higgs couplings with fermions as follows:
• -Higgs-Fermion-Antifermion:
-Higgs-Photon-Fermion-Antifermion:
-Higgs-Z boson-Fermion-Antifermion:
-Higgs-Z boson-Photon-Fermion-Antifermion:
-
where u and d indicate {u, c, t} and {d, s, b}, respectively, and
Feynman Rules for Yukawa Terms
In this subsection, we list the Feynman rules for the Yukawa terms of the NCSM action up to the first order of θ: Equation (62):
Equation (72):
Summery
We examined the Higgs and Yukawa parts of the NCSM-action to find all the Higgs couplings with gauge and fermion fields, see (12) - (32) and (62) + , hūdW + γ, hūdW + Z and so on from the Yukawa part. These new vertices, if exist, lead to new production and decay channels that will be very important to consider in LHC or the future ILC colliders. For instance, in the decay of Higgs to four leptons, H → llll, which is one of the main discovery channels for the Higgs boson [14] , there are new vertices in the NCSM such as hf f γ and hf f Z. Meanwhile, in the NC space the Higgs can be produced through new channels such as→ W W * → qqHγ,→ W W * → qqHZ,→ ZZ * → qqHZ, and so on.
